Objectives: To investigate the relationship between dyslipidemia and obesity status among Vietnamese adolescents. Methods: In this case-control study, 282 adolescents (6-11 years), including 88 obese cases and 194 normal-weight controls, were recruited from a population-based cross-sectional study from two provinces in Vietnam. The anthropometric, blood lipid, and other laboratory test results of the study subjects were analyzed. Results: Obese children tended to have more visceral fat (Pearson's r = 0.795, p < 0.0001) than subcutaneous fat (Pearson's r = 0.754, p < 0.0001), and this difference was associated with an increase in blood triglyceride level (Pearson's r = 0.232, p < 0.05) and a strikingly high rate of hypertriglyceridemia (38.6%). We also found that birth weight and parental body mass index were related to the status of obesity among the study subjects. However, only birth weight was significantly higher in the obese group than in the normal weight group. These findings indicate the effect of prenatal nutrition on childhood obesity. Furthermore, high-birth weight children had a surprisingly high rate of obesity. Conclusion: Together, our data suggest that obesity increased the risk for hypertriglyceridemia, which was, at least partially, due to prenatal nutrition.
INTRODUCTION
Obesity and overweight have become a leading health issue in the world. According to an estimation of World Health Organization (WHO), of adults aged 18 years and older, more than 1.9 billion were overweight, and 600 million were obese worldwide in 2014 [1] . WHO also reported that among children younger than age 5 years, 41 million were obese or overweight in 2014 [1] . Childhood obesity is regarded as one of the most serious global public health challenges in this century, especially in developing countries where have more than 70% of obese and overweight children worldwide [2] . Obesity is a major risk factor for several clinical implications such as dyslipidemia, type II diabetes, cancer, and hypertension, cardiovascular [3, 4] . Different types of obesity depend on many factors, including the location of the overaccumulation of fat [5] . The type of obesity affects the risk for metabolic consequences; for example, visceral obesity is due to excessive fat storage around the body viscera. This type of obesity is a higher risk factor for diabetes, dyslipidemia, and other related metabolic disorders than subcutaneous obesity, which is induced by fat overaccumulation under the skin [5] . In humans, waist circumference (WC) is an indicator of visceral fat, while hip circumference (HC) reflects subcutaneous fat [6] [7] [8] [9] .
Dyslipidemia is the abnormality of blood lipids, and it is a leading risk factor for several health issues including coronary artery disease (CAD), hypertension, and stroke [10, 11] . Depending on the abnormal content in blood lipids, dyslipidemia is classified as hypercholesterolemia or high total cholesterol (TC) level, hyperbetalipoproteinemia or high low-density lipoproteincholesterol (LDL-C) level, hypoalphalipoproteinemia or reduced high-density lipoprotein-cholesterol (HDL-C) level and hypertriglyceridemia or elevated triglyceride (TAG) level. It is especially alarming that the proportion of children with dyslipidemia is dramatically increasing, proportional to the percentage of overweight-obesity children in both developed and developing countries. In a previous study, dyslipidemia was observed in 85.3% of overweight children and adolescents [12] . However, obesity and overweight, as well as dyslipidemia in children living in developing countries (e.g., Vietnam), have not been given enough consideration. A few reports have been reported in Vietnam, and almost all are in Vietnamese.
In humans, the major causes of obesity and overweight are excessive energy intake, physical inactivity, and genetic susceptibility [13] . Other factors such as gene mutations, psychiatric illnesses, endocrine disorders, and medication may induce obesity in some cases [13] . Prenatal and early postnatal nutrition could affect the induction and development of obesity and overweight in later life of humans [14, 15] ; for example, the Dutch famine of 1944 to 1945 was found to significantly increase the obesity rates in men who were exposed to this famine during the first half of pregnancy [14] . As a consequence, obesity dyslipidemia is also regulated by genetics and nutrition, as well as other environmental factors [16, 17] . According to the Bogalusa Heart Study, involving children aged 5 to 17 years, the distribution of central fat determined by WC was associated with abnormality of TAG, LDL-C, HDL-C levels [18] .
In this study, we aimed to investigate the association between obesity and dyslipidemia in children aged from 6 to 11 years in the Thai Nguyen and Hai Duong provinces of Vietnam. We also studied the effects of genetics and nutrition during pregnancy on childhood obesity in selected subjects.
MATERIALS AND METHODS

Study populations
A case-control study was conducted with a total of 282 subjects (88 obese cases and 194 normal controls) recruited from a cross-sectional population-based study. First, 2,939 participants, who represented the entire population aged 6 to 11 years in the Nguyen Trai primary school (Hai Duong province) and Doi Can primary school (Thai Nguyen provinces), were selected from October to December 2015. All of them were Kinh (the major eth- nic group in Vietnam). Children with obesity and normal weight were classified using the criteria of age-and sex-specific body mass index (BMI) cut-off points proposed by the International Obesity Task Force (IOTF, 2000) . Children who were classified as being underweight or having stunting or wasting based on the WHO criteria (2007) were excluded from the study. In addition, children who were obese due to medical reasons were also excluded. The subjects had no evidence of diseases related to atherosclerosis, CAD, diabetes, or mental disorders. None of them was using lipid-lowering medication when the blood sample was taken. For dyslipidemia analysis, 2 mL of venous blood was collected from the selected subjects.
Measurements
Anthropometric indices, including weight, height, WC, and HC, were measured twice for all subjects, and the mean was used for analysis. Body weight and height were measured with subjects in light clothing and without shoes. BMI was calculated as the weight per square of the height (kg/m 2 ). Obesity, overweight, and normal-weight children were classified using criteria of age-and sex-specific BMI cut-off points proposed by the WHO (2007). Children who were obese due to medical reasons were excluded from the study. WC was measured midway between the lower rib margin and the iliac crest, while HC was measured at the broadest circumference below the waist. The measurement WC and HC was performed in closed rooms. This measurement was performed in 2 separate groups for boys and girls. A self-report questionnaire was completed by parents to collect data on children's general health information and family history of dyslipidemia. Blood lipids and lipoproteins were measured from samples obtained after an overnight fast. Blood samples were collected in EDTA-containing tubes. Serum TC and TG were determined with an enzymatic method. Serum HDL-C and LDL-C levels were measured through a direct assay. All determinations were performed with an autoanalyzer (Type Architect C8000; Abbott Ltd., Abbott Park, IL, USA) in Medlatec Hospital of Hanoi City, General Hospital of Hai Duong province, and Medical University Hospital of Thai Nguyen province.
Diagnostic criteria
Dyslipidemia was diagnosed according to the criteria of the National Cholesterol Education Program (1992) for TC and LDL-C and US National Institutes of Health Heart, Lung, and Blood Institute (Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents, 2011) for HDL-C and TAG.
Hypertriglyceridemia was defined as TAG ≥ 100 mg/dL (children age, < 10 years) or TAG ≥ 130 mg/dL (children age ≥ 
Statistical analysis
Data are expressed as the mean ± standard error of the mean. Analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA) or GraphPad Prism 5.0 as done in our previous works [19] [20] [21] [22] . The Student's t-test was used for single comparisons or two-way analysis of variance (ANOVA) for multiple group comparisons. The chi-square test or Kruskal-Wallis test was also used when appropriate. Unless otherwise specified, p < 0.05; p < 0.01, and p < 0.001; and not significant, p > 0.05.
Ethics issue
Parents of the study subject were asked for their agreement with the statement written by the National Institute of Nutrition, which clearly stated that blood samples would be used for research purposes. The Ethics Committee of the National Institute of Nutrition approved this study, according to ethical approval number No. IRB-VN01059-25 dated 31/12/2014.
RESULTS
Characteristics of studied subjects
Among 282 subjects (Table 1) , children in the obese and normal-weight groups were of the same age and sex ratio. There were no differences in systolic blood pressure, TC, and LDL-C between two groups. Obese children had significantly higher weight, height, BMI, WC, HC, diastolic blood pressure, and TAG than normal ones. However, normal weight subjects had higher HDL-C in blood than obese children.
More fat accumulation in belly than hip in obese subjects
Our data showed that in both normal and obese groups BMI was significantly and positively correlated to WC and HC (Table  2 and Figure 1A -D); this indicates that both visceral and subcutaneous fats tended to increase in studied subjects. However, among the groups, the positive correction between BMI and WC of obese subjects was strongest with an r = 0.795 ( Figure 1C) , and obese group increased more than 1.3 times in WC compared to the normal weight group, while this ratio for HC was only 1.2 ( Figure 1E ). These results suggest that obese children in this study tended to accumulate more visceral than subcutaneous fat. 
Obesity increased risk for hypertriglyceridemia in the study subjects
Dyslipidemia is one of the common consequences of obesity and overweight; however, there are several types of dyslipidemia, which present different risks to health. To determine which possible dyslipidemia was induced by obesity in the subjects, we performed a Pearson's correlation to evaluate the relations between body parameters and blood lipids of both the normal and obese groups ( Table 2 ). Among studied parameters and blood lipids, we only saw a significantly positive correlation between WC and TG level with r = 0.231 and p < 0.05 in the obese group (Table 2 and Figure 2 ). Our data showed that an increase in belly fat was accompanied with an increase in blood TAG in the obese group ( Figure 2C) but not in the normal-weight ( Figure  2B ) group. Furthermore, we found that obese subjects had a 1.4 times higher level of TAG than subjects of normal weight, while obesity did not affect TC or LDL-C, and it even reduced the HDL-C level among the study subjects ( Figure 3E and Table 1 ). Moreover, we found that obesity significantly increased dyslipidemia in children as indicated by near 50% of children having obesity was dyslipidemia, while this percentage in normal weight children was approximately 23% ( Figure 3F ). This finding was supported by a significant association between obesity status and (Table 3) . We also classified the type of dyslipidemia in the subjects and found a strikingly high percentage of obese children had hypertriglyceridemia (38.6%), whereas this percentage in the normal weight group was only 14.4%. Additionally, the percentages of obese children having other dyslipidemia were comparable to these of normal weight children (6.8% and 5.2% of children having hypercholesterolemia in the obese and normal groups, respectively) ( Figure 3G ). Together, our data strongly suggest that obesity increases the risk for hypertriglyceridemia as compared to other dyslipidemias.
Effects of prenatal nutrition and genetics on risk for obesity in the subjects
The induction and development of obesity and overweight in humans are regulated by several factors including nutrition, genetics, and physical activity [13] . To determine the effects of prenatal nutrition and genetics on the development of obesity in the subjects, we compared the birth weight (BW) and BMI of parents in the obese and normal groups (Figure 2A) . Actually, we found a higher BW and parental BMI in children with obesity versus those with normal weight; however, only the difference in BW was statistically significant (Figure 2A ). As the BW of newborns partially reflects the nutritional status of healthy mothers during pregnancy, so our results indicate that prenatal nutrition significantly contributed to the induction and development of obesity in studied subjects. Furthermore, we classified the BW of the subjects into three groups: low birth weight (LBW), < 2,500 g; normal birth weight (NBW), ≥ 2,500 g, < 4,000 g; and high birth weight (HBW), ≥ 4,000 g. As expected, HBW children had a higher BMI, WC, HC, and TAG levels than the other groups ( Figure 2B, C) . Although no statistically significant differences for BMI and TAG were detected, this could be due to the low number of LBW and HBW children in this study. HBW subjects also had the highest percentage (66.7%) of obesity compared to LBW or NBW groups ( Figure 2D ). Furthermore, we have found that HBW was significantly and positively associated with dyslipidemia (p = 0.048) ( Table 3 ). In summary, our data suggest that both prenatal nutrition and genetics contributed to obesity of the primary school children, but nutrition during pregnancy had a stronger effect on the induction and development of obesity in our subjects.
DISCUSSION
As a leading health problem in humans, obesity has been attracting more and more concerns of scientists, physicians, and the public. However, optimal therapy for preventing obesity is lacking so far. Thus, our understanding of the induction, development, and consequences of obesity remains limited. Despite presenting as the most dynamic parts of the world in both economics and development, developing countries are facing several environmental and health problems, including childhood obesity. However, in these countries, there is not enough concern about this biggest public health issue among children. This study contributes to our knowledge of childhood obesity in Vietnam, one of the developing countries in the world.
The type of obesity may lead to different risks to its related metabolic disorders such as visceral obesity increases the risk of type II diabetes in patients [5] . Our data have also demonstrated that obesity in Vietnamese primary school children is more associated with expanded visceral fat and elevated TAG level. Visceral white fat not only reduces uptake and storage of fatty acids in blood but also releases excess free fatty acids [23] , which contributes to an increase in serum TG and cause hypertriglyceridemia. An excessive accumulation of fat around the viscera may induce metabolic abnormalities because the white adipose tissues secrete some harmful substrates (e.g., inflammatory adipokines) [23, 24] . In this study, we were unable to check for the presence of adipokines in the blood of subjects or to investigate their fat tissues. However, our data clearly shows that obesity significantly increased the rate of dyslipidemia in children. We found hypertriglyceridemia ranked at the top among dyslipidemia in children in this study. This finding is helpful to guide treatments for dyslipidemia in obese children in Vietnam.
Genetics and nutrition are the main causes of obesity in general; however, this varies according to ethnic group, living environment, and developmental stages [14, 15, 25, 26] . These factors regulate the induction and development of obesity via controlling the balance in the activity between white and thermogenic adipocytes; these cells function to store or dissipate energy in mammals [27] [28] [29] . At the molecular level, genetics, nutrition, and developmental stage regulate the genes for white fat expansion such as mesoderm specific transcript (MEST) and Sfrp5 secreted frizzled-related sequence protein 5 (Sfrp5), as well as the genes for the induction and function of thermogenic adipocytes (e.g., uncoupling protein 1, peroxisome proliferator-activated receptor gamma coactivator 1-alpha, and tumor necrosis factor receptor superfamily member 9 [CD137 or 4-1BB]) [19, 20, 22, 30] .
The involvement of genetics in obesity susceptibility has been shown in a previous study of twins [25] , and genetic heritability may account for 25%-40% of the variation in human overweight and obesity [26] . In human beings, nutrition during and after pregnancy strongly affect the induction and development of obesity and other metabolic disorders in adulthood [14, 15] . As a well-known example in our medical history, men exposed to the Dutch famine of 1944-1945 during the first half of pregnancy had a significantly higher obesity rate compared to those exposed to this famine during the last trimester of pregnancy and the first months of life [14] . We also found that obese children have a higher BW and parental BMI than children with normal weight. These findings indicate the contribution of prenatal nutrition and genetics to the development of childhood obesity. However, the data show a higher impact of nutrition during pregnancy, and this result may be due to the variation in the economic situation of the subjects' parents in a developing country.
In conclusion, our work demonstrated that childhood obesity in Vietnam increases the risk for hypertriglyceridemia, and dyslipidemia in studied subjects seems to be more closely associated with the accumulation of belly fat than hip fat. Furthermore, our study also suggests that current obesity in Vietnamese children is strongly linked to nutrition during pregnancy.
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